Introduction
In many organisms, germline cells are segregated from somatic cells at early or late stages of embryogenesis (Strome and Wood, 1983; Lehmann and Ephrussi, 1994; Strome and Lehmann, 2007) . This segregation occurs by means of inheritance of preformation factors or epigenetic cell-cell communication (Extavour and Akam, 2003) . In a few cases, on the other hand, germ cells appear far later than the embryonic stages. In the hydrozoan Podocoryne, the gonad appears for the first time at the medusa stage, after a long period of stolonial asexual growth (Torras et al., 2004) . In planarians, gonads develop when worms enter the sexual phase from the asexual one (Sato et al., 2006; Hase et al., 2007) . In these lower metazoans, gonad cells are thought to regenerate from totipotent stem cells (Shibata et al., 1999; Mochizuki et al., 2001; Wang et al., 2007) .
In botryllid and polystyelid tunicates, zooids propagate by means of palleal budding (body wall evagination). Three successive generations of zooids are interconnected with one another by test vessels named bud stalk (Fig. 1A) . They reconstitute not only somatic tissues and organs but also 0925-4773/$ -see front matter Ó 2011 Elsevier Ireland Ltd. All rights reserved. doi:10.1016/j.mod.2011.09.001 gonad tissues at every budding cycle (reviewed in Kawamura and Fujiwara, 1994; Manni et al., 2007; Kawamura et al., 2008 Kawamura et al., , 2011 Kawamura and Sunanaga, 2010) . In Botryllus primigenus Oka, the gonad tissues consist of loose cell aggregates, compact cell aggregate, testes, and ovaries (Mukai and Watanabe, 1976) . The loose cell aggregate contains indifferent germline precursor cells (GPCs) that develop into both the primordial ovary (oogonia and juvenile oocytes with accessory cells) and the primordial testis (compact cell aggregate) (Fig. 1B and D) Kawamura et al., 2011) . These immature gonad tissues are mobile through successive blastogenic generations until maturation (Mukai and Watanabe, 1976; Sabbadin and Zaniolo, 1979) . In B. primigenus, even if gonad components are absent, zooids can reconstruct them de novo , although the mechanisms are almost unknown.
Vasa and its homologs are known as reliable markers to determine germ cell lineage in a wide range of animals Shibata et al., 1999; Raz, 2000; Mochizuki et al., 2001; Extavour et al., 2005; Rebscher et al., 2007) . In B. primigenus, B. schlosseri and Botrylloides violaceus, a Vasa homolog is expressed strongly by germline cells in the gonad Brown and Swalla, 2007; Rosner et al., 2009) . In B. schlosseri and B. violaceus, Vasa can also be found in free cells scattered in the zooidal hemocoel and vascular network (Brown and Swalla, 2007; Brown et al., 2009) . In Ciona intestinalis, Vasa-expressing germline cells in the gonad can be traced back to specific blastomeres in embryos (Fujimura and Takamura, 2000; Takamura et al., 2002; Shirae-Kurabayashi et al., 2006) .
In B. primigenus, gonad tissues also express Myc , Nanos , and Piwi . BpMyc is expressed not only by germ cells but also by undifferentiated somatic cells . BpNos is expressed most intensively by male germ cells and weakly by GPCs. Consistent with this expression pattern, BpNos knockdown by RNA interference (RNAi) severely deteriorated testis formation . BpPiwi is expressed by germ cells and some coelomic cells, and BpPiwi knockdown prevented the formation of GPCs . However, the role of these genes including Vasa in gonad regeneration is still uncertain in colonial tunicates.
In B. primigenus, vascular budding is known to normally occur in intact colonies (Oka and Watanabe, 1957) . The vascular bud arises as an aggregate of undifferentiated coelomic cells beneath the vascular epithelium ( Fig. 1B and C) , where, unlike palleal budding, gonad tissue transfer does not occur because vascular buds do not have their parent zooids. Therefore, the vascular buds and their offspring need to build up the gonad components de novo . Although a hypothesis concerning germline reserve cells has recently been presented Kawamura et al., 2011) , little is known yet about the manner by which the gonad is reconstructed in colonial tunicates.
In this paper, we first aimed to disclose the formation and migration of Vasa + cells during vascular budding in B. 
Results

Gonad tissue formation during ordinary budding
Anti-BpVas antibody raised against B. primigenus Vasa homolog stained most heavily the indifferent GPCs (loose cell aggregates), primordial testis (compact cell aggregates), and primordial ovary (oogonia and juvenile oocytes) ( Fig. 2A) , whereas it did not stain somatic cells and tissues (Fig. 2B) . (Watanabe, 1953) . Numerals show developmental stages of blastozooids (Manni et al., 2007) . (B) Illustration of a developing bud. Germ cells inhabit the gonad space on each side of the body. Germline precursor cells (GPCs) arise as a loose cell mass that can develop into both male and female germ cells. Vascular buds appear at the periphery of the vascular network. (C) Vascular buds formed at the basal area of ampullae. Bar, 0.1 mm. (D) Section of a developing bud. Gonad cells of various developmental stages are visible. Bar, 0.2 mm. a, ampullae; ae, atrial epithelium; e, epidermis; gpc, germline precursor cell; gr, gut rudiment; gs, gonad space; nc, neural complex; oc, oocyte; og, oogonium; ov, ovum; po, primordial ovary; pr, pharyngeal rudiment; pt, primordial testis; t, testis; vn, vascular network; vb, vascular bud. These results were consistent with those of the germline-specific expression of BpVas mRNA in B. primigenus . During ordinary budding in the colonial phase B (Fig. 1A) , a palleal bud of stage 3 became a double-walled vesicle on the parent of stage 8 ( Fig. 2C and D) . Vasa-positive cells were first found in the parental hemocoel in the vicinity of the bud stalk ( Fig. 2C and D, arrowheads) . In phase C, the buds (stages 4-5) contained a single or few BpVas-positive cells in the hemocoel (Fig. 2E, arrowhead) . In phase D, the developing buds (stage 6) were found to contain many BpVas-positive GPCs, juvenile oocytes (Fig. 2F) , and a primordial testis (Fig. 2G) . The primordial testis was easily discernible from the GPCs by the presence of a Vasa-negative envelope (Fig. 2G ) that later developed into the testicular epithelium. By the end of phase D, all gonad components, including growing oocytes, were usually established (Fig. 2H) . By the end of colonial phase B, vascular buds arose as hollow vesicles in the vascular system. In phase C, the vascular buds evaginated from the test vessel (Fig. 3A) . Vasa + cells were first observed in the vicinity of the vascular buds (Fig. 3A,  arrowhead) . In phase D, few Vasa + cells were located in the hemocoel of the developing vascular buds (stages 5-6) ( Fig. 3B, arrowhead) . In phase A, single or paired Vasa + cells were observable in the lateral space between the epidermis and the atrial epithelium of the developing buds (stage 7) (Fig. 3C) . The paired cells in the gonad are thought to be an oocyte and a follicle cell precursor (Mukai and Watanabe, 1976; Sunanaga et al., 2006) . In phase B, the vascular buds developed into prefunctional zooids (V1st, stage 8) and gave off palleal buds (P2nd, stage 3) ( Fig. 3D-F 
Formation of GPCs and primordial testis from Vasanegative coelomic cells
In developing vascular buds at stage 7 (phase A), small cell aggregates appeared in the vicinity of the bud primordium (Fig. 4A ). They consisted of Vasa À cells and those expressing
Vasa weakly (Fig. 4B, arrowheads) . The signals were emitted not from the whole cytoplasm but from dotted areas. In phases B-C, the cell aggregate disappeared from the first generation (V1st), and appeared in the second generation (palleal buds of stages 4-5, P2nd) ( Fig. 4C ). Vasa À cells decreased in number, and instead cells having a faint signal increased in number ( Fig. 4D and E, arrowheads). Relatively large cells, 8-10 lm in diameter, emitted strong signals from the whole area of the cytoplasm (Fig. 4E , arrows). After one more cycle of blastogenesis, a zooid unit consisting of 3 blastogenic generations (V1stÀP2ndÀP3rd) was established. In the P3rd generation, loosely associated cells and compactly associated cells appeared first during stages 5-6 ( Fig. 4F and G). They were identified as GPCs and a primordial testis, respectively. At higher magnification, the GPCs were found to contain a substantial number of Vasa À cells ( 
Piwi and Myc expression in regenerating gonad components
Using developing vascular buds and their progeny formed by palleal budding, we examined the co-expression of BpVas and BpPiwi in regenerating gonads by double fluorescent in situ hybridization. Paired cells (cf., Fig. 3C and L) showed strong signals of both the BpVas and BpPiwi transcripts ( Fig. 5AÀD black arrowheads) . A single large cell also emitted both signals ( Fig. 5E -H black arrowheads). It was similar to a juvenile oocyte (see also Fig. 3I ). In the gonad space, other patterns of gene expression were observable. In some cases, cells did not express BpVas but expressed BpPiwi (Fig. 5I -L white arrowheads). They were small and appeared to be undifferentiated ( We also examined the co-expression of BpPiwi and BpMyc because BpMyc is known to be expressed in both germ cells and undifferentiated somatic tissues . In the gonad, both genes were expressed strongly ( times as many as that of Piwi + cells (Table 1 ). There were no Vasa + cells in the blood sinus (not shown).
Effect of BpMyc knockdown on Piwi expression and gonad regeneration
siRNA(BpMyc) was injected into the vascular system from which the first and second generations of zooids had been extirpated. In siRNA(LacZ) controls, BpMyc signals were strong in whole mount specimens (Fig. 7A left) , while after siR-NA(BpMyc) treatment, they became conspicuously weak (Fig. 7A right) . The results were confirmed by semi-quantitative PCR (Fig. 7B) . BpMyc signal from seawater-injected control colonies (Fig. 7B, lane 3) was unexpectedly low, irrespective of several trials. This might be related to summer season when this experiment was done. Other experiments have been performed during highly reproductive seasons from winter to spring. Nonetheless, the differences between lanes 3 and 4 and between lanes 5 and 6 in Fig. 7B were evidently discernible.
In sections, the signals almost disappeared from coelomic cells (Fig. 7D) , as compared with the control (Fig. 7C) . In the con-trol, many cells in the test vessel and vascular buds incorporated BrdU in the nucleus (Fig. 7E and F) . In siRNA(BpMyc) experiments, on the other hand, BrdU signals were scarcely observable in the nucleus (Fig. 7G) , indicating that RNAi was effective. oocytes. Bar, 10 lm. ae, atrial epithelium; bc, branchial chamber; bs, bud stalk; e, epidermis; en, endostyle; i, intestine; pb, palleal bud; pc, peribranchial chamber; s, stomach; tv, test vessel.
BpPiwi was expressed by germline cells (Fig. S2A ), coelomic cells around organs (Fig. S2B, C) , and cells in the vascular network (Fig. S2D) , as described previously . In siRNA(LacZ) controls, Piwi signals in coelomic cells remained strong (Fig. 7H) , whereas BpMyc knockdown conspicuously diminished Piwi signals (Fig. 7I , see also Fig. 7B  lane 6 ). In such colonies, gonad components other than oocytes could not be seen even in 3 blastogenic generations later (Fig. 7J ). In contrast with Piwi, Vasa was still observable after BpMyc knockdown in the test vessel ( Fig. 7J upper inset) and in the gonad space ( Fig. 7J lower inset) .
Vasa induction from Piwi-expressing cells
Further experiments were performed to confirm that coelomic Piwi + cells were competent to express BpVas. To obtain background data, we examined the distribution of Vasa + cells in the blood of intact colonies. Few Vasa + cells were distrib- Vasa + cell aggregates. They were identified as GPCs and primordial testis. Bar, 10 lm. ae, atrial epithelium; b, bud; bc, branchial chamber; e, epidermis; en, endostyle; gpc, germline precursor cell; pe, pharyngeal epithelium; pt, primordial testis.
uted evenly in the test vessel (Fig. S3 ). This pattern of distribution was constant throughout colonial phases (Fig. S3AÀH) . Vasa-positive cells were 6-8 lm in diameter, somewhat larger than hemoblasts. To quantify the Vasa + cells in the test vessel, coelomic cells were collected from the vascular system of colonies in phases A-D. Vasa + cells accounted for approximately 0.5% of the total number of cells constantly in all 4 colonial phases (Fig. S4A-D) . Next, we challenged some substances that might increase the number of Vasa + coelomic cells to statistically significant levels, as compared with the background data. Basic fibroblast growth factor (bFGF) had no apparent effects on Vasa expression (not shown). In contrast, when human recombinant BMP 4 (0.15-0.20 lg) was injected into the vascular system, Vasa + cells increased 2 days later conspicuously in number in the test vessel and zooidal blood sinus ( Fig. 8A and B) . The number of positive cells in the test vessel was approximately 10 times as many as that in the control, to which sterile seawater was injected (Table 2 , Fig. 8C ). In contrast with Vasa + cells, Piwi + cells did not increase significantly in number by BMP 4 (Table 2 ). In the blood sinus, Vasa + cells increased to 10-20 folds, as compared with the control (Table 2) . Sections neighbouring immunostained blood sinus (Fig. 8B) were processed for double fluorescent in situ hybridization. Results showed that BpVas + cells were all BpPiwi-positive ( Fig. 8D-F H). In the control, no such cell aggregations were observable (Fig. 8I ). BMP2 also induced Vasa and cell aggregation in coelomic cells (Fig. 8J) . No apparent differences in effectiveness could be found between BMP 4 and BMP 2. At higher magnification, the cell aggregates resembled GPCs in the gonad ( Fig. 8K and L) .
Discussion
Bud stalk as a main route of gonad tissue transfer
Previous studies based on observations of living and fixed organisms have suggested that in colonial Botryllus species, germ cells can be transferred from asexual generation to asexual generation by budding (Izzard, 1968; Mukai and Watanabe, 1976) . In B. schlosseri, genetic studies have provided well-grounded evidence for such germ cell transfer (Sabbadin and Zaniolo, 1979 in the test vessel were constantly low in number throughout the colonial phases, suggesting that most gonad components do not emerge from zooids into the test vessel before gonad tissue transfer. In B. primigenus, the immature gonad components are likely to be transferred directly from the parent to its buds through the bud stalk, rather than via the common vascular system. In B. violaceus and B. schlosseri, some kind(s) of mobile cells in the blood emitted a Vasa signal (Brown and Swalla, 2007; Rosner et al., 2009) . They are considered to be long-lived germline progenitors or stem cells (Brown et al., 2009 ). In B. primigenus and Polyandrocarpa misakiensis, on the other hand, signals of Vasa mRNA in the blood were very few (Sunanaga et al., , 2007 . The present study using anti-BpVas antibody showed that in B. primigenus, Vasa + cells occupied only 0.5% of all coelomic cells. After entering the vascular bud, the Vasa + cells increased in number by stage 8 (phase B) (Fig. 9 ). This increase may have occurred in part owing to cells gathering (homing) in the gonad space, and in other parts owing to cell proliferation during stages 7-8 of vascular buds. Our recent study has shown that in B. primigenus, coelomic cells and primitive germ cells in the body cavity can incorporate BrdU into the nucleus . Paired cells arise from the cell aggregate in the gonad space (Mukai and Watanabe, 1976; Sunanaga et al., 2006; Kawamura et al., 2011) . In this study, we observed paired Vasa + cells in the test vessel, primitive gonad, and the blood sinus of vascular buds (V1st). In the next blastogenic generation (P2nd), one of paired cells became Vasa-negative and developed into the primary follicle cells (Fig. 9) . The primary follicle cells are one of female accessory tissues in the ovary (Manni et al., 1993; Kawamura et al., 2011) . It is, therefore, evident that a dominant fate of Vasa + coelomic cells is the female germ cells.
Possible role of Piwi + /Myc + coelomic cells in gonad regeneration
The Piwi gene was first discovered from a Drosophila P-element-induced mutation (Lin and Spradling, 1997) . Drosophila Piwi is expressed by both germ cells and somatic cells in the gonad, and it plays an essential role in the renewal of germline stem cells (Cox et al., 1998) . In the hydrozoan Podocoryne carnea, the gonad strongly expresses a Piwi homolog at the medusa stage, and transdifferentiation-competent somatic tissues also express the gene at low levels (Seipel et al., 2004) . In planarians, Piwi proteins are expressed by neoblasts and thought to be essential for stem cell function (Palakodeti et al., 2008) . In P. misakiensis, a relative of B. primigenus, a Piwi was expressed most strongly by GPCs, the primordial testis, juvenile oocytes in the gonad, and some mobile single cells in the hemocoel, but not by somatic tissues. Results of double fluorescent in situ hybridization suggested that regenerating GPCs and primordial testis have come from Piwi-positive cells.
The present study showed that in B. primigenus, Piwi + cells co-expressed BpMyc. BpMyc was expressed by multipotent epithelial cells in buds, undifferentiated coelomic cells, and developing gonads . These cells incorporated actively BrdU into the nucleus . In this study, RNAi of BpMyc resulted in the failure of BrdU incorporation. This is the first report demonstrating that in colonial tunicates, Myc is involved in growth of undifferentiated cells, consistent with a well-known function of mammalian Myc in stem cell self-renewal and proliferation (Braun et al., 2003; Varlakhanova et al., 2010) . RNAi(BpMyc) conspicuously lowered BpPiwi expression without affecting Vasa expression in coelomic cells and oocytes. These results suggest that Myc is necessary for Piwi gene expression. RNAi(BpMyc) caused defects in gonad tissues, for example the loss of GPCs. This result was very similar to that of RNAi(BpPiwi) , suggesting that BpMyc might play a role in the establishment of GPCs via BpPiwi maintenance.
Is Myc a pluripotent cell marker?
Recently, we suggested that Piwi/Nanos double-positive cells may be the germline stem cells outside the gonad (Sunanaga et al., 2010). We performed double fluorescent in situ hybridization for BpPiwi and BpNos, but could not obtain strong enough signals for microscopy. Instead, as mentioned above, we found Piwi/Myc double-positive cells in the gonad and hemocoel. As far as we observed, Myc covered a larger cell population than Piwi. This observation is consistent with our previous study indicating that both undifferentiated somatic cells and germline cells can express BpMyc . In this study, too, undifferentiated cells of the bud primordium were BpMyc-positive (e.g., Fig. 6F ). These results suggest that BpMyc is a pluripotent cell marker for both soma and germ. Such pluripotent or totipotent cells are known in lower metazoans (Shibata et al., 1999; Mochizuki et al., 2001; Wang et al., 2007) . However, a recent, sophisticated study argues against the presence of totipotent stem cells in Botryllus colonies (Laird et al., 2005) . When single undifferentiated cells from B. schlosseri were transplanted into a recipient colony, they contributed to either somatic or germline chimeras, but not to both (Laird et al., 2005) . Therefore, it seems logical to argue that in B. primigenus, Piwi/Myc-expressing cells would serve as the founder of Vasa-expressing cell population in the gonad.
3.5.
Piwi + coelomic cells are genuine germline-competent It is not so strange that human recombinant growth factors are efficient in committing tunicate cell fates. In the solitary tunicate, Halocynthia roretzi, human recombinant bFGF can induce notochord formation in isolated presumptive-notochord blastomeres (Nakatani et al., 1996) . Human recombinant BMP 4 collaborates with bFGF to support the notochord induction (Darras and Nishida, 2001) . Mammalian growth factors are indispensable for in vitro cell proliferation of tunicate cell lines (Kawamura and Fujiwara, 1995; Kawamura et al., 2006) .
In mammals, BMP 2, 4, and 8 are the intrinsic factors that serve as signals for germline commitment (Lawson et al., 1999; Ying et al., 2000; Ying and Zhao, 2001 ). In B. primigenus, too, BMP-related substances may be an endogenous factor that can induce Vasa gene expression. Several BMP-related cDNAs have already been cloned from B. primigenus and P. misakiensis (our unpublished data). Some of them showed similarity to BMP2 and 4, and others to BMP3. In P. misakiensis, BMP-related transcripts were found in the GPC by itself and epidermal cells in the gonad space (our unpublished data). This intriguing theme concerning endogenous Vasa inducers in colonial tunicates will be a subject in the future project.
As already mentioned, in B. schlosseri and B. violaceus, a relatively large number of blood cells were Vasa-positive (Brown and Swalla, 2007; Brown et al., 2009; Rosner et al., 2009 ). This may be due to the exposure of coelomic cells to a possible Vasa-inducing factor in the blood of B. schlosseri and B. violaceus.
3.6.
Conclusion: germ cell recruitment during gonad regeneration (V1st) to its buds. They begin to express a strong Vasa signal during the transfer of cell aggregates through 2 blastogenic generations (V1stÀP2ndÀP3rd), and, finally, indifferent germline precursor cells and a primordial testis are established in the gonad space. As suggested previously (Izzard, 1973; Mukai and Watanabe, 1976) , the zooid-bud path (bud stalk) is thought to be the main route of gonad tissue transfer.
Experimental procedures
Preparation of serially developing colonies
Colonies of B. primigenus were collected in the vicinity of the Usa Marine Biological Institute, Kochi University (Kochi Prefecture, Japan). They were allowed to grow on glass plates in culture boxes placed in the Uranouchi Inlet near the Institute. A single colony was cut into small pieces (sub-colonies), and these sub-colonies were fastened to new glass plates in order for them to grow for several days before fixation (Fig. S5) . The sub-colonies were fixed approximately day by day according to the colonial growth phase (Fig. 1A ) (Watanabe, 1953) . Developmental stages of zooids and buds were according to Manni et al. (2007) . In botryllid tunicates, three successive asexual generations coexist in a single colony and they develop and degenerate synchronously. We named adult zooids as 1st (eldest) generation, developing zooids as 2nd (middle) generation, and buds as 3rd (youngest) generation. When vascular buds developed into zooids and subsequent generations were produced by palleal budding, this asexual pedigree was designated V1stÀP2ndÀP3rd.
Blood cells harvested from test vessel
The common vascular system at the periphery of a colony was extirpated with razor blades from the remaining colony containing zooids and buds. It was washed twice with sterile seawater in a microcentrifuge tube and then squeezed to suspend the blood cells in the seawater. Aliquots of the supernatant were mounted, and held for 30 min on cover slips to allow cells to adhere to the substratum. Then, the cover slips were immersed in 4% paraformaldehyde in PBS at 4°C for 1 h, followed by thorough washing with PBS containing 0.1% Tween20 (PBST).
Immunohistochemistry
After fixation in 4% paraformaldehyde in PBS at 4°C for 1 h, the specimens were dehydrated and embedded in Technovit 8100 resin (Heraeus Kulzer Co., Germany) and sectioned at 2 lm. Sections were mounted serially on cover slips. They were briefly treated with 0.01% trypsin containing 0.1% CaCl 2 in 20 mM TrisCl (pH 7.5) at 37°C for 10 min. Then, sections were immersed in blocking solution (0.5% skim milk in PBS) for 30 min, and then stained with anti-BpVas monoclonal antibodies at 30°C for 60 min. They were washed twice with PBST for 10 min each, and stained with horseradish peroxidase (HRP)-labelled anti-mouse secondary antibodies (Vector, CA, USA). The specimens were coloured using TrueBlue (Kappel, MD, USA). A portion of the sections was counterstained with 1% toluidine blue.
4.4.
In situ hybridization
Whole mount in situ hybridization was done, using antiDig monoclonal antibody labelled with alkaline phosphatase (Roche, Mannheim, Germany), as described elsewhere .
For in situ hybridization of sections, specimens were prefixed for 1 h in 4% paraformaldehyde in PBS at 4°C and were embedded in Technovit 8100 resin. Sections were mounted on cover slips coated with 3-aminopropyltriethoxysilane (Wako Chemicals, Osaka, Japan). They could be used for both immunohistochemistry and fluorescent in situ hybridization mentioned below.
Fluorescent in situ hybridization
A double fluorescent staining technique for in situ hybridization was based on our previous post-hybridization methods . After rehydration and proteinase K treatment, the specimens were hybridised with both the digoxigenin (Dig)-labelled antisense probe and the biotinlabelled antisense probe. After RNase treatment, the wholemount specimens were rinsed and dehydrated in a graded series of ethanol. They were embedded in Technovit 8100 resin and sectioned at 2 lm. The sections were mounted on cover slips and pretreated with the blocking solution (0.5% skim milk in PBS) for 30 min, and then treated with both the rhodamine-labelled anti-Dig monoclonal antibody (Roche, Mannheim, Germany) and fluorescein-labelled streptavidin (Vector, CA, USA) for 60 min. They were washed twice with PBST for 10 min each. The tissues were observed using the ECLIPSE 80i fluorescence microscope (Nikon, Japan), equipped with the NIS-Elements software for picture management.
BrdU
The stock solution (10 mM) of 5-bromo-2 0 -deoxyuridine (BrdU) was diluted 500-fold with sterile seawater of cell culture grade. The injection, fixation, embedding, sectioning, and immunostaining were done, as described elsewhere .
Bmp
Human recombinant bone morphogenetic protein (BMP) 2 and 4 were purchased from Wako Chemicals (Osaka, Japan). BMP was dissolved in sterile seawater at the concentration of 0.05 lg/ll. A total of 0.15-0.2 lg BMP was injected into the colonial vascular system, as described above.
RNA interference
Three different siRNAs were designed from BpMyc mRNA and purchased from SIGMA-PROLIGO. Their oligonucletide sequences were as follows: siRNA-1, 5 0 -CUGCGGAAACGAUGA AAAACU-3 0 and 5 0 -UUUUUCAUCGUUUCCGCAGUU-3 0 , siRNA-2; 5 0 -CUCCCAGCGAUUCAAAAGAAG-3 0 and 5 0 -UCUUUUGAAU CGCUGGGAGUU-3 0 ; siRNA-3, 5 0 -GACGGCAUACUGUUGAA-GAUA-3 0 and 5 0 -UCUUCAACAGUAUGCCGUCUU-3 0 . The three siRNA oligonucleotides were mixed (final concentration of 40 lM each) in filtered seawater. Control (LacZ) and experimental (BpMyc) solutions were microinjected into colonies through ampullae of the test vessel, as described previously .
Semi-quantitative PCR
Total RNA was extracted with RNAiso Plus (TaKaRa, Otsu, Japan) according to the manufacturer's instructions. Total RNA (2 lg) was reverse-transcribed using Transcriptor High Fidelity cDNA Synthesis Kit (Roche, Mannheim, Germany) with anchored-oligo (dT) 18 primer. The DNA pool was stored as templates for PCR. PCR was performed under the following conditions: 25 cycles of denaturation for 30 s at 94°C, annealing for 60 s at 50°C, and extension for 90 s at 72°C. As an internal standard, elongation factor 1a cDNA was amplified by PCR.
